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(54) OPTICAL SEMICONDUCTOR DEVICE AND METHOD OF FABRICATION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an optical semiconductor device 
and a method of fabrication in which variation in the coupling coefficient 
can be suppressed when a plurality of semiconductor lasers are formed 
collectively on one semiconductor substrate. 

SOLUTION: Resist is applied onto a substrate and a plurality of diffraction 
grating patterns are exposed while setting the height such that the coupling 
coefficient is constant regardless of the pitch corresponding to the 
oscillation wavelength each of a plurality of semiconductor lasers and the 
oscillation wavelength (S11), etching is performed such that the quantity of 
etching per unit time is constant (S12), a stripe mask is patterned 
according to the arrangement of the diffraction grating (S13). a laser active 
layer is formed on the diffraction grating by selective MOVPE growth (S14), 
electrodes are formed on the surface of the laser active layer and the rear 
surface of the substrate (S16, 17). and a high reflection film is formed on 
one edge of the laser active layer (S19). 
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immm 1 ] mm^mmm^t.5ntmn &fc\zm-3 

-JS^J$£ftfc*^#tt:gB£:fcv>-T\ buI3&»©*# 
fl^—ifi*, ^©%16^:S{;:jfcb;fcig;***bfeE#r1 ! & 

[§1*113] fua3^l$CD*^#:U— tf^^t*. 
ilM (DFB) if*fc«^SIJS (DB 

R) iMMfcu— 1fT?fcS£ SBjfcffl 2 ffl« 

©#¥i&#§SB. 

*S»#S2ffi«©3te**f*«B. 

y;* h**g*pu Bugaissto^^i'— tf©*n-e*x© 

#6iIi£JI£*lJSbfcfc:y3S *5«ttfmiB3* ti-eno#6ii 
Bftfc «fc & *IS^«R#-J£fc * * £ 5 fcfc ;* iaftjet- 
aBKroilltfte-?©^*— V&Hirgauy* h±C^* 

i9f >^U Buf30#ftS^©ffiB£-&fc>-e-T^fl2# 

©v*^*^*-^>^u ms&f%feBVi<z>-?xi?*m 

^Ti«MOVPB«fi (Sl^I^fflfilcS) CJ:»)1W 
gBEUrte^fc U— tftSffiJg^^fiKbx BU33V— tfStt 

[»*K6] ifJaBIUtfr^©^;*}*, fl5S3^#l»*s 

5^^«if'h$<-rsdt4^t-rsgf*JS5fa«!i© 

[»5RJK7] tuS3[HlfftS^fflS5^{*. fffll/y; MB 
[11*1118] flfil3U->*^ MPBCuUfi, iua3JS£-&2&# 
©§¥it?5i£o 

[It*JS9] fus3iW^tt©;<*— ->^(i, liuaB* 
##P-if©*ft*ftfc&^£ftaB#?ftJKSBte£SS88 
©;<*-;i>^*^-<Z^ buI3jI^M0 VPEJ$JU±, hu 
33m#i»iRM*^Big§©i»JR@*fl5fiS-rsfe«)©jl^M 
O V P E /£JI*^tr d h *^SS h -T £ ffi*« 5 13fg©* 
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[38H8©iMffl£SKHin 
[0 0 0 1 ] 

*©BJfi3*$SfcBIU ®.mftmi!>m (WDM:»a 

velength division multiplexing) ISiSifCffl V> £>tU S 
%S^16iaEg©«ia©^«:i/— !f#l«CfflS«±t- 
»btJBj«*n***»**B*JJ:W-f OSJI^ttfciBI 
-f 3o 
i0 [0 0 0 2] 

fM£hbt\ *jifa* s a@^*tTV>S. f IT, 1*© 
*7 7 ^ Kf^tOli*s|f 1 5 J; ^ 1*©*7 

r -y /tt n & a vamcDftm^ * e -a- a w d m^jki 

M*-5nfflffliSftAi~An4Jt-S-iaE«T-^-iftbT 1 *© 
*77-f >^»CigE«#fib-tei£U §(B{fflT-fi*7 7"r 

profit fg**^-«tiT-^s a i~ A n ©*n-etic^ 

i~ A n © * ft-eftJcfcfJtS b tzfaWL(Ditffi, ifii&mT' $> Q > 

mtt s iss^s * v> frizwmx) iz mmx- % a # & 

llt^oTHS. ^CT-M^S5SS©miS©D FB 
(distributed feedback : #*S',J§ilS0 U— tf-^EA 
(electro-absorption : B^iRJKSD £§Hg§**ft«{b b 

feDFB U— if* l«C©*i»«:a«fflp«3C-JSbTfPB 

■tzm&Tj&tfi, mm* 10-117040 ^&mz-& 
^-cw^tvt^s. mmw- 10-1 1704 o^&m 

30 tfc'lMit l*fc©*##S«±T-}g»©ii&5#eili!£ 
S*f#Sfe©s (tf^^Ai , A 2 • • • A 

*, 311RMOVPES (metal-organic vapor phase ep 

[0 0 0 3] |33lt ^fM¥ 1 0- 1 1 7 04 0 
*C^aftl&*^*ft:«Bft^-S-. EI3 3© (a) iZyjk 
T^oiz^ nSInPlS3 0lOit:, S?C 

40 -A (EB) B**J«ttf3i'y^>yS^*ffl^'r, 

©S^S 1 6«M©(i.ffl->7 hS©[fi]#ft&^ 3 0 247 
h9>f rBatUBJRJgJsRf H*flS^3 0 2©tf-y^- 

%&mmT-&z>z h ^> j 7w<DmiR)&m.m s i o 2 v 

7^3 0 34 [011] ^ftCJBfSTS. C©S i0 2 

?7^3 0 3lt 0#ftS^3 0 2©±{cm^ita©X h 7 

-Y7tt©&«tS*;fr-ra«fc-5lcfl2/£;*tu 

ifatts ie]#ft&^ 3 o 2©if 5 L {cjfeb-r^A4>n'rv> 

•2> 0 *©&, MMOVPESSia^t, SiOj T 



3 

-fKS3 0 4, InGaAsP/InGaAsP-MQ 
W (multiple quantum wel : ^If?^p) tStt Jl 3 0 
5, piInP^77 KB 3 0 6^ SI 3 3 <E> (b) CD 
jlI&ffM2ft3o SiO 2 ^^ 3 0 3i^itL 

£o a*, .133 30 (b) C8^ttt, «i££1§fi)i{b~f 

HfsbT&^o 
[0 0 0 4] &lc N ^ h 5^ :r#0#»ffiKGDjg32© S 
i0 2 3 0 3©WP«*J£W\ StFjIiK 

MO VPEj^cS^ct *K pil nPJi#)&<fr»3 0 7£ 

H33cd ( c ) tMtSo ::t\ 033© 
(b) tBifc, m<Dmt£Z> S i 0 2 vx^30iW 

[0 0 0 5 ] MQWfSttJI3 0 5£Hr*?U 

ig^«¥?»tt;<D h y 7 *RJM^T S i O 2 JK 3 0 8 ^ff^ 
L/n [3 3 3 CD (d) cDcfc^i-, I nPH3 0 1 ©ilM 

3 0 9 ^, si{:^iii 3 i o 

MtSo I nPfflK3 0 l©aHfc:?Bj«*n& 

*cD^N*W*Ht:«S» (AR) Z3~r>f >^*Jfi-tHi 
[0 0 0 6 ] 13 3<DXmzJitHi s $£M$i£k£ U-if 

t&^^^cD7t^S^^<bt-^>a^Sl/--ifcD-J£^T- 

^ct% si¥ 10-11704 o-^&ffiTtt. mm%i 

[0007] c:t\ B3 3(o«!jsstt7?ff?»nfc** 
«*«Bfcro^T%*-rs 0 ( 1 ) #gJSi£Ji£:il«Yb£ 
"frSfctofciaKfiESv^^cDV^^iB (W mm i-W mm3 ) 
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Ki$K%<UZ>o (2) tSttHcDJKi¥*)^:t < & 

S3 (1) £ (2) (««««*ffdMOVP 
E8BrtW4ja«*ftfctt#*-3) ££oT, 

ft-T^o £6D«e£"«»A:J4s DFBl/-1f0lIl|V> 
fit, ftltWm, IK$/Vf;WE— F#B0* ftEtt£2£4« 

[0 0 0 8] 

[^«f*icto ^-r^^ffl] b*>u 

fl^B*s«kTFBffi#»£J:si:. g^i^DFBl 

/c#g&£fetf) s *ffi©»BK#fc#*S»*#*?K: 
20 [0 0 0 9 ] *»W©Bfl«jtt^ — if £ 1 

[0010] 

ISitSfc^ Sl(Z)*t«fcbT, J3»§WfcJS»f*a!{b 
[0 0 11] d©«j*^J:ti« N ltt©*«±£ 

esi^^^-DT^s ejai«Ftt©*B* ^^^sjc^ot 
[0012] *^0^(4, ±B©a«*jijai"ra*:«6s m 

ic-ffi}BfiE*nfe***«:«Bt*5VAT, SuaB^R©* 

* « x & d i: * ^sc h -r s * mm -r 

50 Z> 0 
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[0 0 13] Z<Dm&£.£tili. MPI^t 

i/— if »s b s wim^^^^^-tt&ifc < ft 

o< c t&te < ft£ D 

[0014] **w(4, ±i3©BW*«js-rsfc». n 

7VX^^^-->yu N Si0 2 v***/gv>TS 

»?±fcl/— tf«ttJi*»j*U fffiBi'-lfiStt*©* 
H*«tVI9IB3t«©JKBfc:«a*«j«b^ SuaBi'-lffS 

[0 0 15] coS&lcfcftH, Htftt^tJisar* 
IS. »«±C«*©ia#f»?*»o*»ft:u-1f*«« 

tfRsestu dtucwuri/— ifstt«#»«$*us« 

EllfftS^OiS5**»J»bfcCil:fc:<t>), l#ccD*tt±-© 
[0016] 

^f©J:■5ft^»*^-r* i t-^v^■rtft8^l/*:• *<d*s«x 

£o fits «I^DFBSCg^oT^, 

[0017] illt IRMOVPEMlfcl nGa 
AsPCfirffl^^to C0 113 #|qIfcBf5£©HIW 

(1. 5//m) T-r^tlfc-^0SiO 2 ^h7>f7 
VX^2*^T, MOVPESCiis InGaAs 
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P«3£ (100) InPiil±CIMSt§i:> 

ftiBtf (ill) b®t*±b# (ioo) mizmztitz 

^S©^l«ItSo Si0 2 *b^>f:r 

2 (DV*^iliW m £if £n£i*£ h> Si0 2 ^h 

(mm) ■frMtin~rz>tt$>\z s inmmfcmtonft&bz 
£fc#»e>ftTu£o ctv^cD^^^fum-r^hs lift 

«^&t?c:fc#wtl&hft&o 

70 [0018] B2li N -?Xt?mt^> 1*3=* y 

HiSSto 1. 5 5 //m^CDD FB U-if 

®[H#fm^±7ar-r Flhltf <fflV^n^InGaA 
sPS 13/zm (Ql. 1 

3) hi. 20/zm (Ql. 20) 5//m 
T I nPSfiCfi^S^tS «t5MMO VPEMb 

^£ftTi^3o 02 A>£J|0&*»ft<fc5 M>F3f*y 
1 3/*mCD*§iS\ V*^iH£ 5 0//m£:T*if 
*P£l*£h> 7* hJ\s^*y*>X%L&ifi 1 . 20//m 
£0 £g;"eg< ftoTVA&dfc#to*>So otitis VX^ffl 

[0019] 03(t InGaAsP/I nGaAs P 
^mm^ftp (MQW) «^£5I^MOVPEj$;j|L£ 

4^t"o I3^f,(t 1 5 juLmfrt> 5 0 jum 

lzMJin£'&Z>Z£lZ& *) s 1. 5 2-1. 62//mCDi£ 

5 — 2 1 /zm£>|igH£&^ 1. 45 — 1. 5 5 jum(D 

30 1. 5 2 - 1. 6 2 /zm$^ltl^tl)D FB P — if 

k^tfjusft-ramiMiiiRas (ea) &m»<nmtt%t 

fiSfii:*ft5je^lSA:T$)So l 5~5 

0/zm©35BT?£flj£i2\ V^^ifS 1 5 //mT*A*> 
* * 1 . 1 3 >tz m<D InGaAsP^ @*f IS J ?± 

0^h'lhbT^ 1. 5 2 - 1. 6 2 jum(Dmm<Dm 

#4 YM<OK> F^tyrjtt* 1.. 1 3//m#>*> 1. 
2 0//mC^blTb^aoi:(:^§o 77 KS©A> 

*fb#*fc6 , r*S^«»/c*«ft'r*ci:fc:3&s. 
[0 0 2 0] H 4 14. rtf ^ KJiCDJB*f*©)aa8W^b© 

1. 13//m (Ql. 13) -1. 2 0/zm (Ql. 2 
0) lc«ftb&»^ @#rt&^<£>^£#3 0 nmttt, 
/c# 3 1 cm" 1 /^^ 4 5 cm" l tC^fb^-^o b 
50 fc#oT, l§lWtt^cDlB$«£*fttf. tt^«»*©« 
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[0 0 2 1] S5lt aS«±£*R©DFB U— tfft- 

Ifci: S ©*§1§r£&R a: h D F B ftfittfi 
*fiH«bfcj|S«*^-r« - CT-(is S»0DFBl/-if 
*«fi«fil. 5 2-1. 62//mT-i#$tfeo 85^ 
ttx EJrtS^ift;** 3 0 nmh 3 5 nmtf) 2«3H£o^ 

30nraT*{i3 0-4 0 cm" 1 i:, 0*ft&^©i^ 
^^3 5 nmtli3 8 — 5 0 cm" 1 CMlt^l> l :h 

[0 0 2 2 ] «d*R>t#SEfli*s;ifcfcJ;&IH«ja 

^e^tt©#{b#&So gffi«ejasiRrtttt> 

[0 0 2 3 ] g|6(t ^H2 . 5 Gb/sT?g6B6 0 0 
km*fiMo;t7-^t;i/T>f- (try hi/- hfFfffi 

[0024] zcDmfeizm^fam^i*. m^&ioou 

m^^|-[H]$rtS^MD FB if t 2 0 0//mlcDEA 

asasi^E^ us/y**«bfc*©-eft*. 6ookm 

ttStotiT'h* < & *3, /c> 3 7 cm" 1 -CI* 1 dBK 



[0 0 2 5 ] H7I4, H«©^>]*d|F^yrttftC 



ftt;:£*>-r. 



tc = 3 0 c m" 1 h££ 



/c = 3 



7. 5 cm^S-Stt Sfcfc<D@W»?<Di«£i:DF 
[0 0 2 6 ] 0 8{i, IS*«R*©**-*fcL*:i:S 

6*r*«— sfc-r*fc»fc»H mwts^cD^^xttv 
[0027] mtfts^ojasafsift^-rs^sjco 

lU^ft&^^^^-o Sfc* 0 1 O&09OB-B' kb« 
Sto £1\ 09© (a) iZT^-r^olz, l^t:-Ag 
*S(ictotSil 0 l±tBHr»?Mffll/^7 h 1 
0 2fcJ: !)^*— -^ftfrofcSL HBr :H 2 0 2 S 

l/^* M0 2*m£TZ>t, El 9 CD (b) 4=5 ct 
tfH 1 Ofc^tcti^ EUf*S^ 1 0 OtfM^ftiSo 

D3fl««ia«r*? 100i: ItSI 1 0 1 testis. 

SJflS? 1 0 OcDLiJ^^^^T-cDi^^ (S1RM 

OVPE^^HU©lHl«ft&^ig^) *dGTGN 

H*f*-T 1 0 0±^s»JRMO VPEJ«fibfc«a)iU*& 
S*T©SE* (aiRMOVPEfiESacDEUfft^ift*) 

*bMP*iW E k:<toTi«*dGTGi*«ASCi:*5T*S 

[0 0 2 8 ] 0 1 1 BPRpMWe d G TGii:G>Mffc 
^fto PBPiHWe W&WZZ. InHftS^ 1 0 OcdlU^ 

^ 6S*-e©i**"dQToitt«5Ut"a« ctttt, mpwwe 

E fcAoTEUfilB? 1 0 0©i§££fflfflir3C h#nJt£ 
T*£>£<> ^^;WXfb£0£iii^, dQTGiT-Ji^ 
<, ^MOVPEJ5KSm©(l]«TtS^iS^dGTG2^aS 
U^ot, 0 1 lfcfcJU . ^«ftfc:Rtf>&U^ 
^ hMPiBWEfclHlJflS^iB* d G TG2i:«>H«*^bT 
40 i^olll fr^B6^«I:5l:> d G TG2£ 10-50 

[0029] cm <Dmm<Dw*m) *#bb£«s 

-T£o El 1 2, 0 13, 014> 015, 016. 01 
7, 018, 019, 020, 021, ^5^12 2 

#is«b©s§ i ^lcD^sso^ 

ffili, DFBb-1fS4:»«ftEASE«S**«ftbfc 
«fiK{«T-ftSo 0 1 2(i*^0^©^^23^gcoSa?g* 
iS*5<U 01 3tt«RO0*f« : F*aS«±k:?KfiRUfc 



9 

h*^b (Hi6%Hb) ) , mi 4(*i^* vmam 

w B £DFB&m%i&(Dm&*mls. Bi5tt»Hfcr* 
^fcDFB#t!«lt©H«*35*U HI 6liS i0 2 * 
h^>f rv**4 0W«?fc^fc*T^*-ri>y b& 
»?S^l> H 1 Htm 1 3©Si0 2 Xb7^ 7?^ 

?t i^©*?©kmb*^u mi stt^mnt^moL 

U B 1 9(ilx-ifrStt/i^^ill^(|SiRB^51t^MOV 
PET'MlfettM^U, B2 OttB 1 6<£>A- A' 
W®£^b, B2 1BB1 6 0C-C 1 int^U, B 

2 2ii P i©ii (P1I) *^*-=>^bfc«?* 

[0 0 3 0] 112-12 2 */Bt,vc*»9§®ai 1 CD* 

«a)jKJB©»jtxs*ittwr*. s*\ (ioo) n- 
inPifi i o i ±^«?**#tt©# M0 
2*«^bfc»s «?b:-A«#iSk:«fc?)B9<JD (a) 
t^-r-tia^^— >*«SB-rs Ur^rs i d « 

J£<D'&. h 1 0 2£v*^fc:bTHB r : H 2 0 2 

SUny^-^ttfcck t> n - I nPSS 1 0 1 4^ry5^> 
yt^^hCJ:^ H9(D (b) ©ctd^SBPSl 0 2 
a£«bfclH#rt&?l 0 0*J&j#-r§ Uf^7Sl 

2) o 

[003 1] d n-I nPSftl 0 10(0 1 

ID *fpl^8 0 0 xz mfi©lHlJf i: 4 0 0/z 
m«(Z)*»fi8««3W*!3 3S*ttfc^^-->i:b (Ell 

3) , CO 1-13 J>\*\^&3 0 0//mHH<Z)iii>>£b 

bfeo fit, 014 ^^tcfc^t:, 

m^rts? i o o (OMjRft-esa-rsBRtom^Ftr- a« 

*« (=1^* hHP«Wg ) «U 8. 5-13. Oju 
m (a: = 3 7 . 5 cm" 1 ) }:it, [U#ff&^ 1 0 0(Dig 
^^Wbfeo t^^^s /c=37. 5cm- l ^!^,ti 
SJlStC* D F B»fi»filC»JSt5 U b BPfiW 
E £o s&fc, Bl 5fc*VTJ:Sfc % »Htr*y 

^AttHfa©»fi«fitdto*. law*? i o osi;2 

3 5. 0 5 -2 5 0. 8 5 nm©nt^tl.o 

[0 0 3 2 ] HI 6 ^IJRMOVP 

1 3) o d-T% HJtflS? 1 0 0#fl5jffiS*lTO 
«««-e»4v^^«*W L DN H*f»?l 0 O^jES^ti 

(4 0 0/zml) ^DFBl/-1fi:^|)MT^!3, V 
*^«HW MO d (2 0 0/zml) #E AXHStCft 

1. 5 //mClSl: bfco V^^iHWLD*5«trfWM0D © 

DFB»iB«fifc»-rsaa!»«ttBi 5 -eft 

[0 0 3 3 ] 114, HI 5, H1-8C^T 
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it, u^^bBBPSWE s A, Wld^ *5J:VW M od £D 
FB*fiift«K»bTil«We:ffiifibT^«3B«s - -T* 
DFB#Bfi«*#l. 5 2 - 1. 6 2/zm£>$5H£ 
lOOGHzli («to0 . 8 nmP^PS) CD 1 2 5 i&S 
©««-fcbTV>a&«>. SJRfcHU 114, 015, B 

1 8£>y^:7*cDfii£ i 2 s^^yrfc^jA^flisgEfli. 

[0 0 3 4] B 1 9 £jfx~f v-iftSttJB 

(HI 9 ^^iS^»HSJRiS (HI 9<D^m 

10 g0#) SlRMOVPEaMt* Uf^rsi 

4) o dCT-fix W L d= 1 H2 0 IZvy^ X 

•5 i-. n-InGaAsPWF1104 (M>F3f* 
y ^StS 1 . 1 3 /ul m, JKJP 150nm, n = 1 x 1 0 
18 cm" 3 ) , InGaAsPtiSSMQWi (Jfp 
Ji:+0. 6 0%1, lOnml) UnGaAsPC 
£5[5g^Jf (J*> K*ty7»ftl . 2 0//m, 9nm 
JSCD8JS9I) *6ft51105> ;©1105|I^p 
-InPJil 0 6 (150nmiP, p = 5xlO i7 cm 
" 3 ) *?E«bfc. HI 9£9-TDFBl/-1f«ttfc:fdU 
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